stage I-II (χ 2 = 16.66, P = 0.001), non-vessel invasion (χ 2 = 29.38, P = 0.001), non-lymphatic metastasis (χ 2 = 18.68, P = 0.005), and non-distant metastasis (χ 2 = 22.72, P = 0.007; χ 2 = 21.62, P = 0.004). The mean MVD in the specimens positive for the uPA mRNA, uPAR mRNA and VEGF protein was markedly higher than those with negative expression groups. Moreover, a positive relation between MVD and uPA mRNA (rs = 0.199, P = 0.042), uPAR mRNA (rs = 0.278, P = 0.035), and VEGF (rs = 0.398, P = 0.048) expressions was observed. The mean survival time in cases with positive uPA mRNA, uPAR mRNA and VEGF protein expression or MVD value ≥ 54.9 was significantly shorter than those in cases with negative expression or MVD value < 54.9.
INTRODUCTION
Degradation of extracellular matrix (ECM) and basement membrane is essential for tumor invasion and metastasis. The ECM is degraded by extracellular proteolytic enzymes, such as metalloproteases and serine proteases. Plasminogen activators (PA) catalyze the conversion of the inactive proenzyme plasminogen to plamin [1] . Plasmin acts to degrade the ECM and activates latent enzyme, such as type-IV collagenase. Among the plasminogen activators, urokinasetype plasminogen activator (uPA) and uPA receptor (uPAR) RESULTS: Expressions of uPA mRNA, uPAR mRNA and VEGF protein were observed in 61 (58.1%) cases, 70 (66.7%) cases and 67 (63.8%) cases, respectively. The uPA mRNA and uPAR mRNA positive expression rates in infiltrating-type cases (73.7%, 75.4%), stage Ⅲ-Ⅳ (72.1%, 75.4%), vessel invasion (63.2%, 69.9%), lymphatic metastasis (67.1%, 74.4%) and distant metastasis (88.1%, 85.7%) were significantly higher than those of the expanding-type (χ and distant metastasis (95.2%) were significantly higher than those of the expanding-type (χ have been reported to play an important role in tumor progression. uPA activation occurs on the cell surface after binding to its specific receptor and is regulated by the number of uPAR [2] . The relevance of uPA or uPAR in tumor progression has been demonstrated by the poor prognosis of patient with a high content of uPA or uPAR in tumor tissue.
Angiogenesis is important for tumor growth and metastasis [3, 4] . The formation of tumor microvessels is stimulated by angiogenic factors, especially vascular endothelial growth factor (VEGF). Previous studies have shown that over-expression of VEGF is correlated with the progression of human malignancies, and a significant correlation has been demonstrated between microvessel density (MVD) and VEGF expression in tumor cells [5, 6] . Recently, a role of the PA system in tumor angiogenesis has also been demonstrated [7] . Simultaneous study of uPA, uPAR and VEGF is of practical value to reveal the mechanism and progression of gastric carcinoma. In this study, we obser ved the expressions of uPA, uPAR and VEGF in gastric carcinomas so as to explore the relationship of the carcinoma angiogenesis with its infiltration, metastasis and other carcinoma biological behaviors as well as prognosis.
MATERIALS AND METHODS

Patients and tumor tissues
One hundred and five gastric carcinoma samples were collected in our hospital from October 1986 to November 1998. All the samples were fixed with formaldehyde and embedded in paraffin. Complete over 5 years follow-up data were available for all these cases (follow-up ended in October 2002). Survival period was calculated from the day of operation to the end of the follow-up or to the date of death due to recurrence and metastasis. In all samples, uPA and uPAR mRNA expressions were detected using in situ hybridization, and VEGF and CD34 expressions were detected using immunohistochemistry. The average age of the cases was 57.6 (range 38-78) years and the male to female ratio was 2:1. According to the standard classification of WHO (1999), 17 cases had papillary adenocarcinomas, while 37, 34, 9 and 8 had the tubular adenocarcinomas, pooly differentiated adenocarcinomas, mucinous adenocarcinomas, and signet-ring cell carcinomas, respectively. Highly and inter mediately differentiated carcinomas were found in 63 cases, while poorly and undifferentiated carcinomas were found in 42 cases. Forty-eight cases showed expansive growth, while 57 cases had infiltrative growth of carcinomas; and 20, 24, 32 and 29 cases had T1, T2, T3, and T4 carcinoma, respectively. Carcinomas with vascular invasion were found in 76 cases, and non-vascular invasion carcinomas in 29 cases. Seventy cases had lymph node metastasis, while 35 cases had no lymph node metastasis. Distant metastasis of carcinomas were found in 42 cases (liver metastasis: 18 cases, peritoneum metastasis: 24 cases), while no distant metastasis in 63 cases. Twenty control samples were collected from the same gastric mucosa 5 cm away from the carcinoma tissues. 
Histological treatment
In order to avoid the RNase contamination, all the glass slides, slide covers and stain containers were treated with 100 g/L DEPC for 24 h. Gloves were used when handling tissue cutting and 100 g/L SDS was used to clean the cutter. All the sections were spread on glass using 100 g/L DECP-treated ddH2O. The tissues were cut into 5-7 μm thickness and kept in 4℃, and foil covered for HE stain, immunohistochemistry and in situ hybridization.
Reagents
Digoxin-labeled oligonucleotides probes of uPA (No. MK1194) and uPAR (No. MK2117) were purchased from Boshide Biological Technology Limited Company, Wuhan, China. The sequences were 5'-CTAGGCCTGGGGAAAC ACAATTACTGCAGG-3' and 5'-TGTCTACACGAGGG TCTCACACTTCCTGGA-3' for uPA, and 5'-GCCTCTT GGGCAGTGCATGCAGTGT-3', 5'-GAGCTGTGAGA GGGCCGGCAGCAAAGCCT-3' and 5'-ACTGCCGTG GACCAATGAATCAATGTCTGG-3' for uPAR. Mouse anti-human VEGF and mouse anti-human CD34 and SP kit were purchased from Zhongshan Biotech Co., Beijing, China. The working concentrations of VEGF and CD34 were 1:100 and 1:150, respectively.
In situ hybridization
All the slides, cover-slips and other containers were autoclaved and treated with 100 g/L DEPC-treated ddH2O for 24 h. All the buffers were also treated with 100 g/L DEPC. The tissues were routinely treated before in situ hybridization. DEPC (100 g/L)-treated ddH2O was used to spread out the sections. Moderate temperature was used for drying the sections; gradient ethanol was used for dehydration with 30 mL/L H2O2 incubation for 10 min at room temperature. Digestion was enabled with pepsin at 37℃ for 20 min, followed by washing thrice with 0.5 mol/L PBS (5 min each time). Then 20 mL hybridization solution was used for each group with probes, sealed, incubated in wet chamber for 20 h at 45℃. Then the slides were washed with 2 × SSC for 5 min, followed by incubation with 20 mL hybridization stabilization solution (2 mL A solution, 18 mL B solution) at 45℃ for 5 h in a wet chamber. Post-hybridization washing was done with 2 × SSC-0.05 × SSC for 2 h, and then the slides were blocked with normal serum at 37℃ for 30 min. After directly adding mouse-anti-digoxin antibody for 1 h at 37℃, slides were washed thrice with 0.5 mol/L PBS (5 min each time), followed by incubation with streptavidinbiotin complex (SABC) at 37℃ for 20 min and biotinperoxidase at 37℃ for 20 min. Finally, the slides were washed thrice with 0.5 mol/L PBS (5 min each time), stained with DAB for 10 min and counterstained with hematoxylin solution for 8 min. Hybridization solution and RNase-treated sample served as negative controls.
Immunohistochemistry
Consecutive 5-7 μm paraffin-embedded tissue sections were subjected to immunostaining according to the streptavidin peroxidase (SP) methods. Briefly, the tissue sections were deparaffinized, and then endogenous peroxide was blocked by incubating the slides with 30 mL/L H2O2 for 10 min at 37℃. After being thoroughly washed with distilled water 3 times (2 min each time), the slides were heated in the jar containing antigen retrieval solution (0.01 mol/L citrate buffer, pH 6.0) in an oven at 92-98℃ for 15 min for the retrieval of the antigens and cooled to room temperature. After being washed with PBS (0.01 mol/L, pH 7.4) for 5 min, the sections were further blocked by goat serum for 20 min at 37℃ to reduce nonspecific antibody binding and then incubated separately with primary antibodies (mouse anti-human VEGF or mouse anti-human CD34) at 4℃ overnight. After being washed 3 times (3 min each time) in PBS, the sections were incubated with the biotin-labeled goat anti-mouse IgG at 37℃ for 30 min, washed again with PBS, followed by incubation with streptavidin-peroxidase complex for 30 min at 37℃. Staining was visualized with DAB for 10 min at room temperature. Finally, the sections were counterstained by hematoxylin solution. To examine the specificity of immunostaining, PBS was used to replace the primary antibodies as the control.
Results evaluation
The cytoplasm of the uPA and uPAR mRNA appeared as brown in color. Two hundred cells were randomly chosen by microscopy to evaluate the stained cell number against the total cell number in the field. Based on the positive cell number, the criteria were set as follows: negative (-) = less than 10% positive cells or without positive staining; (+) = 11%-50% positive cells; (++) = 51%-75% positive cells; and (+++) = more than 75% positive cells. Based on the VEGF-positive cell number, the criteria were set as follows: negative (-) = no positive staining; (+) = less than 25% positive cells; (++) = 26%-50% positive cells; and (+++) = more than 50% positive cells. The MVD in the carcinoma tissue was calculated as previously described [8] . Briefly, positive stainings for MVD, in five most highly vascularized areas ('hot spots') in each slide, were counted in 200 × fields and MVD was expressed as the average of the microvessel count in these areas. Any endothelial cell or endothelial cluster positive for CD34 (brown yellow staining) was considered to be a single countable microvessel. All 105 cases were divided into high MVD (MVD ≥ 54.9/mm 2 ) group and low MVD (MVD < 54.9/ mm 2 ) group according to the MVD mean value of 105 cases (54.9/mm 2 ) [9] .
Statistical analysis
Statistical evaluation was performed using χ 2 test or Fisher's exact test to differentiate the rates of different groups, t-test was used to analyze quantitative data, and rank sum correlation was analyzed with Spearman's test. The survival rate was estimated by the Kaplan-Meier method and analyzed by log-rank test. P < 0.05 was considered statistically significant. SPSS11.0 software for windows was employed to analyze all the data.
RESULTS
uPA mRNA, uPAR mRNA and VEGF protein expression Twenty cases of non-cancer gastric mucosa had no uPA mRNA and uPAR mRNA expression, while positive staining for uPA and uPAR was obser ved mainly in cancer cells, but also in number of stromal cells including macrophages and fibroblasts. However, the number of these cells was too small to allow quantitative evaluation of the correlation with clinicopathologic factors. The rates of uPA mRNA and uPARmRNA positive expression in cancer cells were 58.1% and 66.7%, respectively. The carcinoma cells had brown staining in the cytoplasm and invaded the muscular layer, peritoneum and greater omentum ( Figure 1 and Figure 2) . Moreover, the front of carcinoma infiltration areas, lymphangial cancer embolus had positive uPA mRNA and/or uPAR mRNA expression ( Figure 1 and Figure 2 ). The positive relationships of each factor with the clinicopathologic parameters are shown in Table 1 .
No correlation was found between uPA mRNA and/or uPAR mRNA positive expression and the carcinoma types (χ 2 = 1.98, P = 0.78; χ 2 = 2.82, P = 0.063), differentiation (χ 2 = 2.08, P = 0.083; χ 2 = 1.08, P = 0.82), respectively. VEGF protein staining was mainly located in the cytoplasm of tumor cells (Figure 3 ). About 63.8% gastric carcinoma showed positive expression for VEGF. The positive relationships of the expression of each factor with clinicopathologic parameters are shown in Table 1 ( Figure  3) . No correlation was found between VEGF protein expression and the carcinoma types (χ 2 = 2.21, P = 0.078), differentiation (χ 2 = 2.14, P = 0.531). In contrast, twenty cases of non-cancer gastric mucosa had no VEGF protein expression.
Correlation of MVD, uPA mRNA, uPAR mRNA, VEGF expression and survival time
The correlation between MVD, uPA mRNA, uPAR mRNA and VEGF expression is shown in Table 2 . uPA mRNA, uPAR mRNA, VEGF and MVD value within gastric tumor tissue correlated significantly with each other (uPA mRNA and VEGF: rs = 0.278, P = 0.032, and MVD: rs = 0.199, P = 0.042; uPAR mRNA and VEGF: rs = 0.308, P = 0.001, and MVD: rs = 0.268, P = 0.035; VEGF and MVD: rs = 0.398, P = 0.048; uPA mRNA and uPAR mRNA: rs = 0.369, P = 0.005).
T he cor relation of uPA mRNA, uPAR mRNA expression and MVD value, and survival time were in Table 3 (Figure 4 ). The survival rate of patients with positive uPA mRNA, uPAR mRNA, VEGF expression and MVD value ≥ 54.9 was significantly lower than that of the patients without these expressions ( Figure 5) . 
DISCUSSION
Degradation of extracellular matrix (ECM) is important in cell migration and tissue remodeling. In cancer tissue, degradation of the ECM is considered to be pro-requisite for cancer invasion and metastasis [10] . uPA, which belongs to the family of serine proteases, activates plasminogen into plasmin which degrades several components of the ECM, such as fibronectin, laminin and collagen. uPA is released from various cells as on inactive form (pro-uPA). Pro-uPA is converted into an active form after binding to a cell-surface receptor (uPAR). Previous report showed various cell types in which ligand binding to the uPA receptor does induce intracellular phosphorylation on tyrosine [11] , proto-oncogene expression [12] , cell proliferation and cell migration [13] , promoting tumor cell infiltration and metastasis [14] . In the present study, uPA mRNA and/or uPAR mRNA tended to express more in those patients with serosal invasion, lymph node metastasis, vessel invasion, lymphangial cancer embolus, advanced stage of diseases, and distant metastasis. The results indicated that uPA mRNA and uPAR mRNA was closely related with the clinicopathologic features that reflect the invasion and metastatic potential and prognosis. Up to now, invasion depth, lymph node metastasis or distant metastasis and TNM stage were considered to be the prognostic factors for gastric carcinomas [15] . uPA mRNA and uPAR mRNA expression statistically related with these factors implied that the invasion and metastasis facilitated by uPA and/or uPAR might indicate prognosis of gastric carcinomas. The results showed that the cancer cells with uPA mRNA and/ or uPAR mRNA expression located mainly at invasion front, lymphangial cancer embolus, and involved in gastric wall lymphatic nodule. Our study also revealed that high aggressive cancer with uPA mRNA and/or uPAR mRNA positive expression, which infiltrated muscularis and metastasized to peritoneum, as well as greater omentum, formed cancer glands in the majority. Thus, these results indicated that uPA mRNA and/or uPAR mRNA might be independent biological marker of tumor differentiation. Our data revealed the positive rates of uPA mRNA and/or uPAR mRNA expression in gastric carcinoma with vessel invasion, lymph node metastasis, liver and peritoneum metastasis were significantly higher than that without these clinicopathologic features, and also showed the obvious positive correlation between uPA mRNA and uPAR mRNA, thereby indicating that synergetic high expression of uPA and/or uPAR in tumor cells infiltration area plays a very important role in gastric cancer infiltration and metastasis. Showing that aggressive ability from infiltratingtype growth cancer was stronger than that of expandingtype cancer, our data implied that the more aggressive gastric cancer cells with uPA mRNA and/or uPAR mRNA positive expression degraded ECM strengthenly, thereby facilitating the cancer cells infiltration to the tissue depth, lymphatic and metastatic to the distant organs [16, 17] . So uPA and /or uPAR can be used as a marker of gastric carcinoma infiltration and metastasis.
Both the PA system and VEGF are key factors in tumor angiogenesis. The PA system degrades the basement membrane and stimulates the migration and progression of endothelial cells in the early phase of angiogenesis [18] . Beside induction of tumor angiogenesis, VEGF has several additional functions that serve to enhance tumor progression, including enhancing the permeability of tumor vessels [19] and inhibition of apoptosis of endothelial cells [20] . An association between the PA system and angiogenesis has been reported. VEGF has been shown to cause up-regulation of uPA and uPAR in endothelial cells. Moreover, a previous study demonstrated that the PA system and VEGF synergistically contributed to liver metastasis of colorectal cancer [21] . VEGF promotes proliferation of endothelial cells and tube formation after degradation of the ECM by the PA system and/ or MMPs [22, 23] . We observed a significant relation of VEGF with both uPA and uPAR in present study. We also observed positive expression of uPA mRNA, uPAR mRNA or VEGF protein in the tumor cells, suggesting that cancer cells with positive expression of uPA, uPAR or VEGF may play an important role in gastric cancer angiogenesis. Interestingly, stepwise analysis demonstrated that uPA mRNA, uPAR mRNA and VEGF protein expression was significantly correlated with MVD. The uPA, uPAR and VEGF produced from gastric cancer cells destroy ECM, which may promote migration of both cancer cells and endothelial cells. On the other hand, cancer cells with high invasive ability may have various malignant potentials, including VEGF production. Since we found a positive correlation between VEGF expression and both uPA mRNA and uPAR mRNA expression, it is possible that the PA system enhances VEGF-induced tumor angiogenesis, which is in agreement with Kaneko et al [24] . Recently, it has been reported that endostatin inhibits angiogenesis through the down-regulation of the PA system. Thus, the inhibition of uPA and/or uPAR activity may inhibit not only tumor invasion, but also angiogenesis in gastric cancer, and uPA and/or uPAR can be used as a marker of gastric cancer biological behavior.
Previous studies have shown that t-PA and PAI-1 levels are independently associated with survival [25] , and also proved that over-expression of uPA protein is associated with several clinicopathologic features and prognosis [26, 27] . Heiss et al [28] reported that univariate analysis revealed highly significant inverse correlations between uPA, uPAR and survival time, while multivariate analysis showed PAI-1 was an independent prognostic factor. Lee et al [29] demonstrated that uPAR level of gastric cancer tissues was correlated with advanced tumor staging and poor survival rates, suggesting that the measurement of uPAR in tumor tissues may be used to predict disease recurrence and the prognosis of gastric cancer. In the present study, survival analysis with the Kaplan-Meier method demonstrated that patients with expression of uPA mRNA and/or uPAR mRNA, VEGF protein had a significantly lower survival rate than those without these. The results suggest that PA system contributes synergistically to tumor invasion, angiogenesis of gastric cancer. uPA mRNA and/or uPA mRNA might be identified as independent prognostic factors.
